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ABSTRACT 


This paper provides the results of a preliminary design study of 
a ground effect machine to be built at the Naval Postgraduate School, 
Monterey, California, The design is based on an engine currently 
available at the School and covers such factors as lift versus weight, 
thrust versus drag, balance, stability, control, and instrumentation, 
The final design chosen was a peripheral jet type ground effect machine 
with a cushion area of 25.7 square feet, driven by a 4 foot diameter 
shrouded propeller, Total engine power of 203 horsepower is sufficient 
to provide 1017 pounds of lift at a hover height of 5.95 inches and 


446 pounds of thrust at 30 knots, 


Lt oer 
NAVAL POSiaGA3. 
MONTEREY, CALIF. 94340 


TABLE OF CONTENTS 


CHAPTER PAGE 
ee MOM I > 6 “e 2 0 6 6 © 6 8 8 6 Pek es «8 

Te eee GU ey sists ce) 6 6 wo 8 oe pe ei oh wee OF 
SO reecOth PR TCTENTS  @AND@SYMBOLS 5 . « « © js fo 6 «© « « « 9 

ee EUSTON ite 6 oo Nemes 6 ¢ 0 6 « @ 6 0 « oes L? 
IT, GBNERAL THEORY . ¢ «© «© © © 0 © 60 0 ¢ 9 o we © 0 ew we ltl tlw LS 
PEs POnemE ANT Siemrcmmemiy Cerny: “se” 6 © 0 9 ¢ 0 6 0 6 web 6 6 © « 20 
mV; 46 VEC PHY SUCALMGHARACTERMSTICS . . © « o «© © © © «© 8 © @ 22 
We PROP ULLER SEIGRCTION Gcmmemecmc 0 6 6 6 6 wm we ol ltl lk lw tl le wt LO 
VI. LIFT POWER AVAILABLE « «© » «© « » 0 0 0 0 e «© © © © © 09 e « 20 
Wage DR AGRANDMeeROrmIesvE POWER ., . « « « 0 « e¢ o ee * 6 » 6 w OL 
Neri “CONGR@Ueeemecmecr ogo Woe 6 lft lll lle tlw ltl kl kw! Ue COD 
Ae UNGTRUMENTALION “cs so « wo © 9 0 @ © 6 of @ © «© © 8 6 6 OO 
Ko GCONGIUCMGNG thc @ 6 6 «@ © 6 © 0 w ew 6 6 0 ee ele ll ww COD 
DEBEIOGRALRW ccc (850 * 6 © ¢ «© 8 ¢ w B 6 0 6 + 6 © wm 6 lute el Ue OO 
REPERENGWomeecmmcene "bio 5 we 0 0 #| 9 68 8 © © 0 0 © © © 8 «© © 0 6 « ws 62 
REECE DG) 6 6 6 6 6 «© 6 & 16 0 «© & [6 0 6 6 *@ 6 we ee 6 we OD 


APPENDIX B o & ° < eo 4 6 ° c G ° 8 ¢ G & © 9 ° ° 9 0 9 9 ° 9 9 9 9 65 





TABLE 


Le 


i 


III. 


IV. 


Vo 


VI. 


Vig 


VIII. 


IX. 


Xo 


LIST OF ABLES 


Leading Particulars »© «© o « « « e » 
Vehicle Dimensions . « « « « © e« « 
Structural Weights, Airframe .. . 
Weights of Other Structural Members 
Accessories « » e« »0 e © © © ¢e © « « 
Estimated Pitching Moments . « « -e 
Propeller Performance Estimation . 
Propeller Selection Criteria «+ « « 
Vaw "GOMETOMPDaAbay « «+ 6 © © « «© » 
Pateh Control Data eS: . « « ¥ * 


Throttling Altered Parameters « «© . 


PAGE 


.40 


42 


43 


44 


45 


46 


48 


49 


50 


51 





LIST OF FIGURES 


FIGURE PAGE 
1. Bleed Air Ducting Including Converging= 
Bawenpine NOZZIC (io. ss eet se se el « se © = 52 
2. Left Side View of Ground Effect Machine, 
Pinal DESien « vaeeiece weet G+ CMs <M Ube. 6 6 6 eee «6D 
3, Top View of Ground Effect Machine, Final Design «+»... s. 54 
4, Front View of Ground Effect Machine, Final Design «.... 55 
5, Rudder Control Moment vs. Rudder Deflection Angle «+++. 56 
6, Elevator Control Moment vs, Elevator Deflection Angle «.. =. 9/ 
me Unrottle Mechanism es 3 6 ews 0 6 + + eee, BOS 


Bee Orlentation Of Gapeewand Dontce . wenn 4. viene « cies 59 





LIST OF COEFFICIENTS AND SYMBOLS 


INE Area of compressor bleed air outlet 
Ad Air flow area at the propeller plane = 
2 
(r/4 Dy?) (1 - CBo ) = 2714 Dee square feet 
Ay Air flow area at the shroud exit plane = 


(41/4 Dy) (1 - CBee), square feet 


b Cushion beam, feet 
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B Number of propeller blades 
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C Cushion perimeter, feet; Mass ratio, Appendix B 
CB9 Centerbody size at propeller plane, fraction of 


propeller diameter = 0,30 
CB, Centerbody size at shroud exit plane, fraction of 


shroud exit diameter 
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CLr Three dimensional lift coefficient, rudder 
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D, Propeller diameter, feet 
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TAAX 
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Propeller advance ratio based upon vehicle velocity 
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Propeller advance ratio based upon duct velocity = 


101 ° 4 V2, /ND, 


Propeller advance ratio based upon duct velocity 
determined under ideal flow conditions 

Maximum J2 to avoid compressibility losses 
Cushion length, feet 

Total lift, pounds 

External aerodynamic lift, pounds 

Mass flow rate out of compressor, pounds/minute 
Mass flow rate out of nozzle, pounds/minute 
Vehicle Mach number = Vo,‘ f./662 

Control moment, pitch, foot-pounds 

Control moment, yaw, foot~pounds 


Propeller speed, revolutions per minute (propeller 


selection) 
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— 
= 


Pp 


da 


Total shaft power supplied to cushion system, pound- 
feet /second 

Lift horsepower, horsepower 

Total shaft power supplied to propulsion systen, 
pound-feet/second 

Total shaft power (P, + Pp), pound-feet/second 
Atmospheric pressure, pounds/foot2 


Pressure at compressor bleed air outlet, pound/foot? 


Static pressure at nozzle, pound/foot2 

Total pressure of air supply to cushion at nozzle 
exit or cushion entry, pounds/foot~ 
Local dynamic pressure (pur/2), poundeyc eet — 
Reference air dynamic pressure ( Pavo*/2)s pounds / 
foot? 

Total air volume flow rate through cushion systen, 
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Radius at blade element, feet 

Gas constant for air, feet/degree Fahrenheit 

Blade radius at propeller tip, feet 

Aspect ratio 

Daylight gap area (cushion perimeter times mean 
daylight gap, hC, feet2) 

Total nozzle area, feet 2 

Cushion area, feet2, measured, in plan view, to outer 
edge of nozzle exit 

Nozzle thickness, feet 

Air temperature at compressor bleed air outlet, 


degrees Rankine 
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TTE 


Tpideal 


TTideal 


TAF 


V 
2Kideal 


So 


Air temperature at nozzle, degrees Rankine 

Propeller thrust, pounds 

Total thrust, uncorrected for shroud drag loss, 

pounds 

Total thrust, corrected for shroud drag loss, pounds 
Propeller thrust, determined for ideal flow conditions, 
pounds 

Total thrust, determined for ideal flow conditions, 
pounds, for Ty, Trp, Tpigeai» 29d TTigeal 


326 BHPNo 
Vok 
where the subscript on Y, is the same as the sub- 


LOR Gp oe, LS 


script on T 

for Vj. = 0, T = Cy/Cp* BHP/ND,, * 33000 

where the subscript on Cy/C, is the same as the 
subscript on T 


1.0 
Total blade activity factor = 100000/16 3f 3 (b/D,,) X3dx 


Local air velocity, feet/second 

Velocity of air flow out of compressor, feet/second 
Cushion reference velocity (V2/-0p), feet /second 
Jet velocity of air discharge from GEM base, when 
fully’ contracted, feet/second 

Vehicle velocity, knots 

Duct velocity at the propeller plane, knots 

Duct velocity at the propeller plane determined for 
ideal flow conditions, knots 

Volume flow rate out of compressor, ft3/min 


Cushion loading (W/S), 1b/ft 


cd 


2 


o<Or 
=-oe 
=<er 
Yee 
=<ir 


“ie 


YoP 
Nol 


NoTE 


N\oP ideal 


Nol deat 


\2P 


Eieal 


S 3/4 


Gross weight of vehicle, 1b 
Nozzle thickness parameter [t/n (2 + sin e)| 
Fraction of propeller tip radius, rp/R 
Rudder deflection angle, degrees 
Elevator deflection angle, degrees 
Effective angle of attack, rudder, degrees 
Effective angle of attack, elevator, degrees 
Induced angle of attack, rudder, degrees 
Induced angle of attack, elevator, degrees 

Q 


Cushion discharge coefficient ——— 
: noe 2,28 p 


Propeller efficiency based on vehicle velocity 

Total efficiency (shroud and propeller) based upon 
vehicle velocity, uncorrected for shroud drag loss 
Total efficiency (shroud and propeller) based upon 
vehicle velocity, corrected for shroud drag loss 
NoTXFp 

Propeller efficiency based upon vehicle velocity for 
ideal flow conditions 


Total efficiency (shroud and propeller) based on 


- vehicle velocity for ideal flow conditions 


Propeller efficiency based on the duct velocity 
approaching the propeller plane 

Propeller efficiency based upon the duct velocity 
approaching the propeller plane for ideal flow 
conditions 

Propeller blade angle at X = 3/4, degrees 


Peripheral jet efflux angle 


is 


Specific weight of air at compressor bleed air/outlet, 


pounds/foot> 


Specific weight of air at nozzle, pounds/foot> 
Specific weight of air at compressor inlet, 
pounds/foot3 

Mass density of air, slugs per cubic foot 

Air density at nozzle, slugs/foot? 

Cushion pressure, psfa 

Induced angle of attack correction for nonelliptic 
lift distribution 


Induced drag correction for nonelliptic lift 


distribution 
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SL 


oP 


oT 


oTE 


o2 


03 


SUBSCRIPTS 


Represents free stream conditions 

Represents conditions and duct geometry just 
upstream of the propeller plane 

Conditions at exit of converging-diverging nozzle 
Conditions at exit from large duct (entrance to 
peripheral nozzle system) 

Represents conditions and duct geometry at the shroud 
exit plane 

Represents performance values corrected for shroud 
drag losses 

Section between converging-diverging nozzle exit 
and large duct (bypass conditions) 

Knots 

Represents the propeller only within the shroud 
Represents total quantities (shroud and propeller) 
Represents sea level standard day conditions 
Represents propeller performance relative to the free 
stream 

Represents total (shroud and propeller) performance 
relative to the free stream, but uncorrected for 
shroud drag losses 

Represents total (shroud and propeller) performance 
relative to the free stream, corrected for shroud 
drag losses 

Stagnation conditions at station 2 


Stagnation conditions at station 3 


1B. 





CHAPTER I 


INTRODUCTION 


This project was undertaken to investigate the feasibility of 
building a ground effect machine utilizing an engine currently avail- 
able, the AiResearch Pneumatic and Shaft Power Gas Turbine Engine 
Model GTCP 85-91, This engine supplies pneumatic power in the form of 
compressed bleed air and simultaneously, or independently, supplies 
a source of constant speed shaft power, In this installation the 
pneumatic power will be utilized to provide lift power while the shaft 
power will be used to drive a propeller to provide propulsive power, 

Several different basic designs were considered with the finding 
that only two, the open plenum and the annular jet, were simple enough 
and had enough information readily available to make them convenient 
for study. Once a particular type machine had been chosen, the amount 
of power available from the engine could be used to calculate the weight 
and ultimately the size of the vehicle which could be built, Considera- 
tion was given only to a relatively small vehicle with limited perform 
ance characteristics. This was due to the limited power available 
from the neate as well as the vehicle's designed use, an experimental 
vehicle useful in the course of instruction in Aeronautical Engineering 
at the Naval Postgraduate School, 

While it 1s realized that flexible skirts and fingers could provide 
a considerable increase in overall efficiency, they were not included 
in this design because they would not have been in keeping with the 
basic simple design desired. Also, skirts have been shown (Ref. 1) to 
create maintenance problems and costs out of proportion with the 


vehicle's design use, 
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CHAPTER, LI 


GENERAL THEORY 


Of tie several yround cusnion concepts being studied in tne United 
States, tie autnor decided to utilize tne simple air curtain or periphi- 
eral jet concept. As in all yvround cusnion concepts, tne major source 
of lift is tne yround cushion itself, a region of positive pressure 
trapped between tne base of the veticle and tue ground. In tie simple 
air curtain venicle, tue yround custiion is produced and contained by 
air exnuausted downward and inward from a nozzle at tine peripnery of tthe 
base, 

2.1 Hovering 

Tie contribution to lift of tne jet reaction force is small 
compared to tne custiion lift. The lift is tius approximated by tne 
product of cushion pressure times base area, 

L = @ps 
Also tie custiion pressure reacts against tne air curtain sufficiently 
to balance the momentum cnuange within the curtain, that is 
Bpu of (I + sintg) (See Appendix A.) (II-1) 
Hovering performance can be expressed by a dimensionless figure 


of merit 


. v t/n_ (1 tessa) oe 
ieee =e ae = 


1+ t/n (1 + sing) nc 
wrich will allow the venicle to be compared with tthe performance of 


tue ideal shrouded propeller or tnelicopters. M will have a maximum 


value (wnen t/h = 1/2,9 = 90°) of 
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The ratio S/hC, called the size/height ratio, is important in “virtually 
all considerations of all types of ground effect machines" (Ref. 2). 
2.2 Cruise 

In forward flight there will be two modifications to the hovering 


equations, First, the propulsion system must expend energy at the rate 


Pp = Dram Yo 
to overcome ram drag, a force equal to the air mass flow rate through 
the peripheral nozzle times the vehicle forward velocity. Second, 
the required pressure rise through the compressor is reduced by qj, 
the free stream dynamic pressure recovered by the inlet. 
Cruise performance is frequently expressed by the "equivalent 
lift/drag ratio," LYo , to which both range and operating cost per 


P 


mile are directly related. The optimum value of =o 





_ ii 1 
f Gtteated lia (+ ae, 
and © = 90° is 


ive F 





ll 
SS) 


where 


AJ = Vo V L/p nS 


Limiting values of equivalent lift/drag ratio of about 0.7 = are 
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expected for practical vehicles, 


JUS, 


CHAPTER IIT 


POWER PLANT 


The pneumatic and shaft power gas turbine engine Model Number 
GTCP 85-91 is built by the Garrett Corporation, AiResearch Manufacturing 
Division, Phoenix, Arizona, and was originally designed to supply 
pneumatic power in the form of compressed bleed air for the operation 
of aircraft main engine starters and simultaneously, or independently, 
to provide a source of constant speed shaft power for driving an 
alternator or other shaft driven equipment. Use of this unit as the 
main power supply for a ground effect machine (GEM) alters its output 
use considerably, The pneumatic power output will in this case be 
used to provide lift for the GEM, Simultaneously, the shaft output 
will be used to drive a shrouded propeller providing thrust for forward 
flight as well as a flow of air over the primary control surfaces, 

The unit is basically composed of a two-stage centrifugal compressor 
assembly directly coupled to a radial inward-flow turbine wheel. The 
rotating shaft power of the turbine in excess of that required to drive 
the compressor is absorbed by the accessory output shaft, compressor 
and accessories, 

Operation and a complete description of the engine itself are 
described in Ref, 3 (Operation and Maintenance Instructions), Reference 
3 also lists the leading particulars concerning the engine, the most 
important of which are reproduced in Table I, 

The actual power available for lift was computed as follows: 

Power = (volume flow rate) (pressure rise) 


that is 


P 7 = lhe (Pout i Pin) 
ava 1a. Sa 
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where th and po, are from Table I for pure bleed loan condition, and 
fq and pz, are based on NACA Standard Sea Level Day conditions. This 
calculation revealed a maximum of 203 horsepower available for lift. 
Due to the particular conditions at the compressor bleed air out- 
let (high pressure, high temperature, and low velocity) it is necessary 
to find some way to convert this energy to a more useable form, It is 
proposed to accomplish this by using a jet pump such as is shown in 
Fig. 1. . The purpose of this apparatus is to use the high pressure 
air source as a "pump' in order to achieve an increased flow rate and 
velocity out of the vehicle's peripheral nozzle. This is accomplished 
by first accelerating the air to supersonic velocity using a converging- 
diverging nozzle, This high velocity air is then ejected into a larger 
area pipe which has the effect, through viscous interaction, of in- 
creasing the mass flow rate by the amount of atmospheric air entering 
the large pipe, The two streams mix and are then ducted at constant 


area into the vehicle's peripheral jet system, 


yal 


CHAPTER IV 


VEHICLE PHYSICAL CHARACTERISTICS 


Reference 4 indicates that, in general, approximately one-half 
of the total power required will be utilized for lift. Thus based on 
the above power available, as an initial approximation we can assume 
100 horsepower available for lift. Chaplin‘s theory as quoted in 


Chapter 2 of Ref. 4 indicates 
W rwis 


lift horsepower 





~~ 
il 


W = vehicle gross weight 


W/S 


Vi 


vehicle pianform loading 


density of air 


Assuming W/S = 35, a value typical for vehicles in the small category, 
we can solve the above equation for weight using the power available 


for lifts 


Wo AVP Pavail 3 1, 
W/S 
Thus the available power plant should provide sufficient lift and 
thrust for a vehicle weighing approximately 900 pounds, 
4.1 GEM Type and Shape 
References 2, 4, 5, and 6 indicated that the peripheral-jet GEM 
is more efficient than the plenum chamber type machine, For that 
reason, all further considerations were given to that type machine, 
Reference 5 indicates that the best thrust augmentation is obtained 
with a machine having a circular planform, but the loss in augmentation 


resulting from the use of an elongated planform does not become very 


3 


a2 


large until the ratio of length to width becomes greater than three, 
Therefore, to simplify construction as well as stability and control 
considerations which will be discussed later, an elongated planform 
with length to beam ratio = 2 was chosen, Initial consideration was 
given to an elliptical planform, but the final shape as shown in 

Figs. 2, 3, and 4 was chosen to avoid double curvature in construction 
and to simplify construction of control surfaces. Table II lists the 
basic dimensions of the GEM as well as some of the other important 
parameters which will be used in the subsequent analysis of the vehicle's 
performance, 

4,2 Weight 

Before an accurate analysis of performance can be made, knowledge 
of the vehicle's weight must be available. 

Reference 4 suggests that the hull be constructed of 0,028 inch 
aluminum which provides adequate structural strength as well as response 
to impacts, Table III shows various portions of the structure and their 
associated weights, Table IV indicates the wéight of other structural 
members as well as all other associated equipment and accessories, 

The weight of electrical wiring was assumed to be negligibly small, 
The total weight of the GEM is 1017 pounds, 
4,3 Physical Arrangement 

The location of the various components and accessories in the 
final design was somewhat arbitrary, keeping in mind, however, balance 
of the vehicle and general considerations such as pilot's visibility, 
etc. 

4.4 Balance 


With regard to balance, all major components are located either 
on oY symmetrically about the vehicle's roll axis, Therefore only 
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pitching moments due to component placement were considered, Table V 


shows the estimated pitching moments created by the major components, 
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CHAPTER V 


PROPELLER SELECTION 


Selection of a propeller to be used for vehicle propulsion and to 
provide a continuous flow of air over the control surfaces was based 
on Ref, 7, one of the famous "Red, White and Blue Books,’ Various 
combinations of propeller speed, total activity factor, diameter, and 
integrated design lift coefficient were considered, In order to not 
have the propeller extend beyond the vehicle edges, it was decided to 
limit the diameter to 4 feet, 

Calculations were made for vehicle velocities of zero (hover), 

20 knots and 30 knots, Final selection was based on the estimated 
value of "2p propeller efficiency based on Vy, A tradeoff was made 
between the best efficiencies under various flight regimes, Table VI 
shows the final six possible propellers with the ultimate selection 
being 600 TAF, O.5Cy 5» and 2700 RPM, 

Since the engine shaft output is at a constant 6000 RPM, the 
propeller selected requires a 20:9 gear reduction, This is accomplished 
by a two gear train mounted between the engine and the propeller itself. 

Weight of the propeller and reduction gears was estimated to be 
150 pounds (solid steel construction, 0.3 ft? at 389.6 1b/ft3), 

After the propeller hac been selected, calculations were made at 
various power settings and vehicle velocities to obtain values of thrust 
available for comparison with drag as calculated in Chapter VII. These 


calculations are shown in Table V, 


25 


CHAPTER VI 


LIFT POWER AVAILABLE 


Assuming that the power available from the compressor is split 
with 50 per cent utilized for lift and 50 per cent for thrust (propul- 
sion), the lift power and actual lift can be found as follows, 

From the engine specifications, one-half of the pneumatic power 
out is 65.25 pounds/minute at 95 inches Hg absolute. The velocity of 
the air flow at the compressor outlet can be found from the continuity 
equation, 

OAV = ms constant 


Assuming a perfect gas relation, 


oo 


aL RT 
where 


eG = specific weight of air at the 
compressor bleed air outlet 


p; = pressure at the compressor bleed 
air outlet 


= (95) (70.7) 


= 6710 1b/£t2 


i = temperature at compressor bleed air outlet 
am OUT 
x. E6700 
-enie(923) 


= 0.1335 lb/ft? 
At the compressor outlet then 


wr 
m 
§iAs 


tots 56,25 
fF , 1335060716) C60) 


eS 
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V; = 98.1 ft/sec 


Utilizing isentropic flow tables from Ref, 8 and a nozzle exit 


pressure of 1058.4 psf (0.5 atm), the conditions at station 2, the 


nozzle exit, can be found, 


This nozzle exit pressure was found using 


an iterative process as described in Appendix B, With this value of 


nozzle exit pressure, the computed value of X, the mass flow rate ratio, 


is 


KX = 720,09 


which yields the following: 


0 


MD 


Rn 


(X) (m9) 

20.09(.,0299) 

0,6006 slug/sec 

tlh + my 

,6006 + ,0299 

©6305 slug/sec 

X/C 

20,09/.0181 

1109 ft/sec 

(T, + XT,)/(X + 1) 

555 + 426(20,09)/21,09 
432°R 

(V. + XV,)/(1 + X) 

[2159 + 20,09(1110)| /21,09 
1159 ft/sec 

tha (1 + X)(gRT3)/A3V3 
00299121409) nGa2 4253.3) (432) /0.4) (1159) 


1008 psf 


Zi 


~ P3/gRT, 


a 


LOGS C3253, 3) (432) 


9.001359 slugs/ftr3 


cs 


= 
Lo 
I 


V3/49,0179 fT; 


1159/49,0179 432 


Tels) 
Once again assuming isentropic conditions, the stagnation values at 


station 3 can be found, 


Po3 = 2260 psf 

/o3 = 0.002418 slugs/ft? 
a - 544°R 

Ay* = 0.3941 fté 


Since it is known that the peripheral nozzle exit pressure, py, must 


be atmospheric, the exit Mach number, Mj, can be found from 


Py 2116.8 
Pon 2260 
= 0,9366 
This yields 
M5 = Oo. 


Pit/ Pon eae 
Ty/ToN. = 0.98114 
_ Sy /An*® = 1.976 
from which the static nozzle values of density, temperature and area 


can be found, 


[7x = 0.002305 slugs/ft3 
Ty - 534°R 
5S. 290.779 £t= 
N 6 
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Now the jet velocity, Vee can be found from 
aes M; (41.0179) [Ty 
0,31(49,0179) \f534 


351 ft/sec 


V 


Since the nozzle area, S,,, is the product of the cushion perimeter, C, 


N 


and the nozzle thickness, t, the necessary thickness can be found, 


t Sy/C 


(12 in/ft) (0, 779)7/ 20.5 


0,456 in, 


Next the lift, L, acting on the GEM can be found from 


L =Aps a (C; = A PSy cose” + Cr9,5 





where 
S = cushion area 
= 25,7 ft 
and C; is shown (Ref, 6) to be 
i or ; ‘ie 


The last term in the lift equation is zero for hover conditions and 
will be relatively small for any operating condition. 

For equilibrium conditions, lift must equal the weight of the 
vehicle, Making use of these two facts and the definition of x and 


substituting equation II=-l into the above lift equation yields 


a i 1 ae 
W a5 7 xS + on +—— = Ae XSy cos © 


e 2x 
which can be solved numerically for x, 


a = 0,115 
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This value leads to 


h (t/x)(1 + sin @e) 


(6456/.115) (1.5) 


56 95> ie 


The above analysis was "ideal" in many ways, Changes in weight 
or engine power will be manifested in changes in hover height, h, 
For example, a change in weight to 1200 lb. can be shown to change the 
hover height to 4.79 in. 

Similarly, a change in engine power will create a complex change 
in the lift equation due to the fact that the cushion peripheral nozzle 
will no longer be operating under design conditions (non-optimum 
pressure). This will, however, result only in a change in hover height. 
For example, a 10 per cent decrease in the product Prvq? will decrease 
hover height by 0.68 in. Thus the GEM will continue to operate satis- 


factorily under off-design conditions. 
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CHAPTER VIT 


DRAG AND PROPULSIVE POWER 


The external aerodynamic drag of the vehicle can be calculated 
as follows: 
De = CpeSda 
where 
D. = external drag 
Choe = external drag coefficient--assumed worst 
conditions; i.e., flat plate (Ref. 9) 
S = cushion base area = 25.7 ft? 
Dag=( wQ8) (5, 7),/2)Gavie2) 
*° 100.5 1b. 
The symbol qa is as previously defined, 
The only other applicable source of drag is ram or momentum drag 
which arises from bringing a constant mass flow rate of air m from a 


velocity V relative to the GEM to a zero velocity relative to the 


GEM, Thus, 
8 
By = AV =PyV;(DeS5)V, 
where 
@. = discharge coefficient, cushion (Ref. 9) 
and 


Sp = daylight gap area 


D. may be found from 








p, = 5, 
\ <| mi sine )] * 
where 
= 1/2 | 1 cos © 
a (1 + sing) = sine cose 
= 00,5685 
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Thus 
ff, = 0.327 


Ram drag, D,, 1s thus found to be 


D, = (.002305) (351) {. 327) (10.17) (30) (6080/3600) 


LSD 
Total drag which equals the sum of ram drag and external aerodynamic 
drag is thus found to be 
D=D, + D, 
= 134 + 100,5 
= 234.5 
It is felt that the external drag coefficient will probably be 
much smaller than the value assumed above, The total drag will thus 
be smaller also, However, even at these “worst'’ conditions, computed 
drag is much less than thrust available, The drag of the propeller 
shroud is not considered in the above analysis due to its being ac= 
counted for in the analysis of propeller/shroud combination to obtain 


thrust available, 
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CHAPTER VIII 


CONTROL 


Control of the vehicle is accomplished through the use of a 
single rudder, two elevators and nozzle throttling within the peripheral 
jets. The control surfaces are activated by the pilot's rudder pedals 
and control column, 

8.1 Yaw 

Control in yaw is effected by the use of a single aircraft type 
rudder actuated by the pilot's rudder pedals, A symmetrical airfoil 
section, the NACA 0009, was chosen both for simplicity and to have 
zero force in the neutral position, Data for this airfoil were taken 
from Ref, 7 and tabulated in Table VII, Note that two dimensional 
data are converted to three dimensions by computing an effective angle 
of attack as indicated in Chapter 5 of Ref, 7, Figure 5 is a plot of 
rudder control moment vs, rudder deflection, 

8.1.1 Sample Yaw Control Calculation 


Control analysis (yaw) 


bo= “eft. 
Ce fee 
S=be = 4 ft” 
a aed 
S 


For an unswept, zero taper airfoil, from Fig, 5:4, Ref, 7, for c,/c, = 1.0 
tT = 0,166 
6 = 0,05 
mass flow in unit time =/,S'V, 


where 
V4 = (A, /Ag) V2 (6080/3600) 
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(1/1.2) (96.9) (6080/3600) 


136,377 ft/sec 


Also for the given conditions, the Reynolds number is given by 


or 


a 


a V4k 
Y 662 


.871 x 106 


© 


Thus from Ref, 7, at%e = 10°, c, = 1,05 and 


iG 1/2A v2c,S 


(.5) (,002378) (136, 377)7(1.05) (4) 


92.878 1b, 


Thus 


a 
LO PFN 
= 0,0836 radians (uncorrected) 


x5 (corrected) = av. (1 + T) 


0,0975 radian@ 


598° 


Then 


ag = o> ay 


10 = 5,58 


lf 


442° 


Therefore 


Ci, = 0.45 


34 


and 
i © Cly2) Pvecy 
= 39,805 lb 
Assuming the point of action of lift to be at 0.25c, the force acts 
at 3.5 feet from the vehicle's center of gravity. Thus a control mo- 


ment, N, can be found. 


we Loe 
where 
1+ = distance from a,c. (rudder) to 
Cogo (vehicle) 
Thus 


Zz 
il 


(39,805) (3.5) 


io, ol) 6t-1b 
8.1.2 Yaw Control Results 

Since the vehicle rides on an air cushion and will travel only at 
very low velocities, there will be little force to oppose the motion 
created by the rudder force, Thus the small moment available will be 
entirely sufficient for directional control, It is also important to 
note that this same phenomenon, that is little opposing force, will 
necessitate the pilot's physically stopping a turn by applying a rudder 
force in the opposite direction, 
Se2.— Pitcch 

Analysis of the vehicle's pitch control is similar to the above 
analysis of yaw control, The airfoil section selected for the elevators 
is the same as that used for the rudder. Thus the only difference will 
result from the elevator's being split into two sections, each with 


smaller span than one half the rudder, 


5 


Since the elevators are placed symmetrically about the vehicle 
centerline, there should be no rolling moment created by their being 
split. With this in mind, only pitch reaction to the elevators will 
be studied, 

It was immediately noted that the use of one-foot chord for the 
elevators allowed the possibility of control reversal at some deflec- 
tion angles due to three dimensional effects, This problem was elimi- 
nated , by choosing a 0.5 foot chord length for the elevators, 

8,2,1 Pitch Control Sample Calculation 


Look now at a NACA 0009 airfoil with span 21.5 inches and chord 


0,5 feét: 
be = 21.5/12 
mat /9 ff 
te = "O25 7ft 
Se = bele 
= 0,895 ft2 
Thus it has aspect ratio: 
AR = b2/S 
= 3,58 


Once again the airfoil is unswept and untapered so that 


ie 


6 = 0,05 


0.166 


8.2.2 Pitch Control Results 

Table VIII contains airfoil data for the elevators as well as the 
results of pitch control analysis, Note that as was the case with 
rudder control, the pitch control moment 1s positive at all elevator 
deflections, Figure 6 is a plot of pitch control moment vs. elevator 


deflection angle, The magnitudes of the pitch control moments are 
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acceptable but only marginally so, For instance, a 20 pound change 
in the predicted weight of the pilot would require almost full elevator 
deflection to maintain level flight. Thus a set of nozzle throttles 
as discussed in Section 8.3 might be in order if a great deal of flexi- 
bility is desired, 
8.3 Roll Control 

Control in roll is achieved through the use of throttles within 
the side portions of the jet nozzles, Figure 7 is an actual side view 
of the general arrangement used, Actuation of the throttle on either 
side is by means of the pilot's control stick, The result of throttle 
actuation is to reduce nozzle thickness, t, and jet efflux angle, © , 
over a portion (one side) of the periphery, This has the effect of 
altering several of the vehicle's characteristic performance parameters, 


Table IX is a summary of these changes, The total lift now becomes 


L=Ap'S + (C5 - 1) Ap'(.805Sy) cos 6 
i (C; - LIAp'(t')(.195C)cos @' 

where the third and second terms on the right hand side of the equation 
account for the jet reaction over the throttled portion and the remainder 
of the nozzle area respectively. The rolling moment produced will be 
the result of the difference between the jet reaction of the throttled 
and unthrottled sides of the vehicle, Over the 4 foot unthrottled side 
section, the jet reaction force is 66.4 pounds while on the throttled 
side, the reaction force is 44.9 pounds, Thus a rolling moment about 


the vehicle centerline of 86 foot=pounds is produced, 
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CHAPTER IX 


INSTRUMENTATION 


Very littie instrumentation will be required on the vehicle, At 
the modest performance characteristics expected, iittie or no help from 
instruments will be needed to “fly” the machine, A minimum number of 
engine monitoring instruments are of course necessary to insure that 
the engine's limitations are not exceeded, 

If at some future period it is desired to thoroughly instrument 
the vehicle for the purpose of performance evaluation, there should be 
no problems encountered with regard to either weight or power to run 
the instruments, However, since the vehicle is quite small, some prob-= 
lems would probably be encountered in trying to find space available 


to mount the instruments, 
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CHAPTER X 


CONCLUSIONS 


The design and building of a small ground effect machine at the 
Naval Postgraduate School is without doubt a feasible project. Utili- 
Zation of the AiResearch GTCP 85-91 for both lift and propulsion power 
is well within the realm of possibility. The amount of power available 
is somewhat greater than that required by the roughly 1000 pound vehicle 
which was designed in this paper, 

It is felt, however, that this was not the most practical avenue 
of approach to the design problem, Rather, the establishment of some 
performance criteria followed by the selection of a machine, engine, 
and propeller combination to meet those criteria would be a more real- 


istic problem, 


og 


TABLE I 


LEADING PARTICULARS 





Turbine Section 


Wheel Governed Speed (nomeaad secon « (crew § Herero geele200 +0 —eREM 
=~ 100 


Discharge Temperature 
Steady-state Full=load Conditions scisccoccsscctoeescO26 © (1NGS °F) (MAK) 
Compressor Section 
Inlet TEMpEYACUTE, cee dcccedeocccerceccccecesrocescos De CL LIO%F) GHD) 
Discharge Temperature 
Steady-state Condition with 54°C (130°F) 
Invet ear lemperat ume, .afeocs co oon ccd nog Boer eapeel20 C Camo Foam 
Accessory Section 
Output Shaft Speeds 
ALteGrmatorcccocomocccnoccceosaeorne cco oso sonsscoo ss QUUU REM CAPEROn) 
Output Ratings 
PUGE SONaAlt LOad ki c-o-0 screhetecieretats elo craitaiet lateorare ec cces « ole LOce emule 


Pure Bleed LOA 5-666 ccsre eee Oe eretasece eee STD SL DAY), Be lbm per 
MIN at 95,0 IN. HG Abs (Static) 


Fuel and Fuel Control System 


Fuel Specifications .o.ooooco oMlL=F=5624, Grade JP3 and JP4; MIL=F=55/2 
and ASTM Type A and B 


Recommended Fuel Boost Pump Settingooccooccocoocsccc00000lL4 ce bom 
Lubrication System 


Oil Specifications coceocsece ecco ce sy eb 7 oUG at ~54° to Sac 
(=65° to 130°F) 


Oil PYESSUTEC 66.0 6 6 6 010. 010-6 wlere Tena Noren ee ee ROR OME ONea Ameer enc is oy 8.070 06.8 7S to 195 PSIG 


O21 Temperature@cscscccccrsccs0e009000000000000009 G (150°F) “\bove Inlet 
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Electrical System 
Power Supplyac ooo sleawle t clon tir etalacr sce fentolele vce’ cs eutecle rion cO + 2V DC 
Bleed Air Control System 
Aererressure Repulator,'s oo ste ooo cee cas ose teases 00 UNw Ho Gage (APPROX) 
Unloading Air Shutoff Valve 
Normal PoSitionsccoccvesceseoccearccooocescceoscesseccesenesvlLosed 
Bleed=Load Control Thermostat Temperature 
BEGGIN My Uitte cf 1 Yovce ct} sil Cee Mee ek Foek Bod ans gozo C CilGonm (Ax) 
Overall Dimensions 
Heretic aa teotnt 6.0 eusia-6 idle step 6 8S bloc 0 ob work euteanea stare SMe oe ON Oy COX ) 
eTIE tlvatett es tmenels o's 06 wc o'ale ence caso suMieuatelosoweiitesiene. do 700 Lily CAnmEOn® 


NUELUCH (1s seal anme MONO ONEN 9.aw GOUGH naman io unm A A@ham nna neic buanencacl Toueteoieions) tiene stereo IN, (APPROX) 


Unit Dry WEpiac Fotos: ovelicuolatcvotete. © here louchohe alowclaversvelictorscencne/ ole = eromeete aU LB. (APPROX) 





TABLE LI1 


VEHICLE DIMENSIONS 





Item Dimension 
ena os eer ee) ee ee ee ee ee ee” oe ea en aes ee Se ee el ee ee 


Cushion Length 7692 fit 
Cushion Beam 3,64, ft 
Cushion Area 25 val ft? 
Cushion Pressure 32.6 lb/ft? 
Total Pressure, Air Supply 6740 lb/ft? 
Air Density (at nozzle) 0.002305 slug/ft3 
Daylight Gap 0,495 ft 
Equivalent Diameter Si: oft 
Cushion Perimeter 20,8 £t 
Daylight Gap Area om 7 tec 
Peripheral Jet Efflux Angle 30% 

Nozzle Thickness 0,456 in 
Total Air Flow Rate (Volume) (at nozzle) 20.3 ft3/sec 
Cushion Discharge Coefficient 0,327 ft2 
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TABLE III 


STRUCTURAL WEIGHTS 





Component Area (ft2) Weight 





Outer Hull 37,65 Pa, 2 
Inner Hull 34,43 1383 
Cushion Interior Ziel 4 TSS 
Interior Spoilers 1,88 0,76 

Total 40,87 
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TABLE IV 


WEIGHTS OF OTHER STRUCTURAL MEMBERS AND ACCESSORIES 





Component Weight (1b) 


eee ele ele a peel ee ete ee Cente eee oe ee ee el eee ee 





Engine 217,00 
Driver 180,00 
Propeller and Gearing 150,00 
Instrument Panel and Bracing 225 
Engine Bracing 29983 
Elevator Mount 11,86 
Control Column and Rudder Pedals ao 
Pilot Seat 2,66 
Main Structural Braces 26,40 
Elevator and Rudder Pivot Post 4,32 
Propeller Shroud 16,50 
Fuel Tank 2705 
Fuel (35 gal. at 6.7 lb/gal) 234,00 
Elevator and Rudder 6,30 
Control Cables 0.10 
Battery 100,00 





Total 976,66 
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TABLE V 


ESTIMATED PITCHING MOMENTS 


“pommel a Te a re Sr a PI ear Ie OE a 
pe ee Sra atte me a ®t gcc I ep aa pet ea tang aT am i a i i ne a a a oe et a a ae 
Component Lever Arm (ft) Estimated Pitching 


Moment (ft-lb) 
(+ Cy = CCW) 


ee a a = ap pa ie i lr i rt a Da ae ea ga ml a A tl Rar Ra it al a a cS ta Ca, 


Instrument Panel 4,67 -58,3 


Control Column and 


Rudder Pedals 4,17 -14,1 
Pilot and Seat 2.33 -426, 
Engine 0,083 -18,1 
Fuel and Fuel Tank eo -121,5 
Battery lea83 +183, 
Shroud 2,08 +34.4 
Propeller and Gear Zao +3506 
Elevator Mount BeOS oon 


Elevator and Rudder 
Pivot Posts Bno3 +14.4 


Elevator and Rudder 3,58 +22 .6 





Total +59 
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TABLE VI 


PROPELLER PERFORMANCE ESTIMATION 


con eer 


Item Power 
No. Setting ? 





i 

[~ 

b— 
sa 

ho 
~~ 
od 
so 


DIAMETER 


ho 
S 
x4 
ON 
= 
© 
ON 
© 
= 





ATTITUDE Hover Creep Creep | Creep 


= [= fe fo fw fs [w= [im 
ENGINE RPM 6000 6000 


AGTETUDE 


> 
~~ 

~~ 

> 
ho 





PSLIPo 





< 
o 
ar 


‘Pe. - 


ee 

th 0.0302 0.0453 
10,800] 10,800 10,800 

0.18771 0. 0.2816 | 0.2816 

0.2062 | 0.2858 | 0.2774 

0,825 9,985 | 1.015 

“Pop po 


epee, et ee 
Sf wl] wm] e& ~~) | Hi o 





a ere 


as 
a 





o/Jo 


0.775 





V 


4 


< 4 A - Q 
M3 No No o 
a9 
* 


—y 


>) 
| 
J Oo 
~~, hy 
O 


No 
Lo 
- 
4 


~ 





. 2.85 | 2.69 


No ho i) i oa — = 
nN = S Oo oe ~ ON 


435.64 | 493.2 





A 


PROPELLER PERFORMANCE ESTIMATION 


11.421 11.42} 11.42 | 11.42 ] 11.42 ¢ 11. 42 | 11,42 
PF | 04955 955 / 0,950 10.950 | 0.950 § 0.950 } 0.950 | 


3550 ‘ec 6 


446.0 | 480.0 


0.2046) 0.2816} 0.2733 








ee 


S| cae! raf pe f= 
pala aad 


NoT ee 


452.2 435.5 


25760) 


No 
a 
e 

NO 





OE 2009 


39.0 89° 0 


& 
\o 
Wn 


46.5 


0.934 O29 17 1. 000 1,030 


99.48 wy 67, 106.51} 109.70 





CTr/C,, ideal] 2-95 


| rasa fal ra 

| alate [== [= [3 0441 1.0351} 1.0395] Bo 

Pe 
pat [= [=| 

zs [es [os for [a 


—— ideal ee 3 pe 


eT af 8 Zell 252109 249.5 230 264.0 279.3 


482.5 | 464.6 











262. 7 





= S ~ 
ON Ww 
@ 
: ~~ 


_ 


7 


TN ey tL 


PROPELLER sbirerloneen TERT: 


VELOCITY, KNOTS 
Propeller Characteristics 
(TAF/C1i/N) 
1000/0.3/3000 
600/0.5/2700 
800/0,15/3000 
400/0.5/3000 


800/0.5/2700 


600/0,3/3000 


48 





TABLE VIII 


YAW CONTROL DATA 







g ee Cee ge ob A & a g a cee ape et eee 


etl Or a eel ea pm ee ee ee ee 


f ate pene el 


0 0 | 
“noe 






0 
0 
0 


fa 





0,85 


6 
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TABLE IX 


PITCH CONTROL DATA 





(x L M 
sections) 


A Lai eee Raeelt ae bal ces 

aon | hrm | ame] oom | tell ame 
ro Paes [aoe Po [oe [es 

ps [en [am | am | oa | 700 | a 

foe [om Tan [oan [oe [os 

Pr [om [a [am | oan [on 

bat | Re oo 
oom Pao Pas [oes [ao 

ie fe | os pest fw Pose Foe [ae 


owes > 


| _ Cy = Aee | Cre 


TABLE X 


THROTTLING ALTERED PARAMETERS 








Parameter Value 








(Thrott1ed) 
Sy" 0,710 ft 
Py 2085 1b/£t? 
V5" 389 ft/sec 
x’ (for section with throttle activated) 0,0598 
Lis" 36.9 Ih/fe? 


Cj" (for section with throttle activated) 1 


G5 23.45% 


t' (for section with throttle activated)  0,0416 ft 





Dak 


FROM GlEEDAIR ~ 
OUTLET 


SCALE |" =2" INCHES — 


TO PERIPHERAL NOZZLE 


FIG |. BLEED AIR DUCTING INCLUDING CONVERGING - 
DIVERGING NOZZLE 


5? 
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eee en 
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ie 
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SCALE I:l2 INC 


FIG & 


TOP VIEW OF GROUND EFFECT MACHINE ,FINAL DESIGN 





SCARE Bae 


INCHES 


FIG 4. 
FRONT VIEW OF GROUND EFFECT MACHINE, FINAL DESIGN 


a2) 


O or (DEGREES) 
FIG 5. 


RUDDER C 
ONTROL MOMENT vs RUDDER DEFLECTION AN 
GLE 
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| 60 
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© 4 8 
“9. (DEGREES) 
FIG 6. 


ELEVATOR CONTROL MOMENT vs ELEVATOR DEFLECTION ANGLE 
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SCALE 1:.5 INCHES 


CONTROL 
CABLE 





FIG @ THROTTLE MECHANISM 
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APPENDIX A 


DERIVATION OF CERTAIN FORMULAS 


Equation II=-l (Ref. 2) 
See Figure l, 

The sum of the forces acting on the stream of air from the 
peripheral jet per unit periphery 1s equal to the change in momentun, 
per unit periphery, of that stream of air: 

ZF (Vs = Vo) 
x J Ss 
C C 


C 


cushion periphery 


V9 final velocity of the air stream 


“V5 (sin 6) 

It is assumed that only the direction of flow changes (that is, the 

speed remains constant). See Fig. 7 for the orientation of the angle © , 
The only force acting on the air stream is the cushion pressure, Ap, 


acting over the daylight clearance, h, around the periphery C, 


Thus 
Powe — a ph 
C 
Also 
so that 
m PNS pV 5 
C C 
but Sp o nG 


Therefore substitution yields 
Aph = Prcvj (V5 + Vj sin 6) 


= fytV5* (1 + sin 6) 
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Equation I[I=2 
The volume flow rate out of the peripheral jet is the product 


of the velocity of air out of the jet, V., times the total area it 


ae 


traverses, Sy = tC 


where 


t nozzle thickness 


C 


nozzle perimeter 

The compressor pressure rise 1S equal to the jet total pressure and is 
t''e sum of the mean dynamic pressure (approxi: ated by 1/2 PyV3") and 
the mean static pressure (approximated by 1/2 A p). The power required 
is then the product of the jet volume flow rate times the compressor 
pressure rise: 


Po = VatC(i/2 Ayvs? + 1/24p) 
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APPENDIX B 


SOLUTION OF CONVERGING=-DIVERGING NOZZLE EXIT PRESSURE 


See Figure 8, 


Having chosen an outer pipe area, utilization of the continuity, 


energy, momentum, and state equations as well as the assumption of 


adiabatic mixing in the outer pipe downstream of the nozzle allows the 


solution of the flow properties through the bypass area and at station 


3, the outer pipe exit. These equations are as follows: 


Continuity 


Energy 


2gJCp(itgT2 +PaAbVbTb -/PaA3V3T3) = 3A3V3> = thaV2? -AyApVp” 


Momentum 
ze eee eee N33 ~ M22 — MpYb 
* 2 : 2 
Fe fag ae m2 Gy 
State 


Adiabatic Mixing 


Tz  mgT2 + pApYpTp 


PO Ey er aa -- 


ome? 


where the underlined variables are the unknowns for which a solution 


is desired, 


Assuming ae and T, to be standard atmospheric conditions and 


defining the mass flow rate ratio, X, as 


Bl 


BG 


B5 


the equations can be rewritten as 


& 


m 
eer 


2 Bila 
O = (1 + X) V32 = Vo2 = xXV;? B2" 

Jie egies Ba 
Taam (pee) / Cor) BS' 


Now defining 


these equations can then be combined to yield 


gO otal a 
hy Vo? + ld ie i C 
Lex 


which can be solved numerically for X if a specific value of P45 is 
assumed. From this value of X, a value for M,, the Mach number of 
the bypass air, can be found and then compared with the value of M), 
computed from the pressure ratio Pph/Pob where Pop 1s assumed to be 
atmospheric, Various values of Po can be tried until the two values 
of My match, When this occurs, the correct value of Py for the given 


Ay has been found, 


66 


1, 


3 


4. 


Do 


6. 


7° 


8. 


INITIAL DISTRIBUTION LIST 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Library 
Naval Postgraduate School 
Monterey, California 93940 


Commander, Naval Air Systems Command 
Navy Department 
Washington, D. C. 20360 


Professor H. L. Kohler 
Department of Aeronautics 
Naval Postgraduate School 
Monterey, California 93940 


Chairman, Department of Aeronautics 
Naval Postgraduate School 
Monterey, California 93940 


Professor A, E, Fuhs 
Department of Aeronautics 
Naval Postgraduate School 
Monterey, California 93940 


LT Martin Peck Merrick, USN 
4304 Arthur Avenue 
Brookfield, Illinois 60513 


Dr. Harvey R, Chaplin 


Naval Ship Research and Development Center 
Washington, D. C. 20007 


67 


No. Copies 


Zz 





Security Classification 


- DOCUMENT CONTROL DATA - R&D 


(Security claeeification of title; body of abetract and indexing annotation muet be entered when the overaf! report ie claeeified) 
1. ORIGINATING ACTIVITY (Corporate author) Za. REPORT SECURITY CLASSIFICATION 


U assified 

















Naval Postgraduate School 
Monterey, California 93940 










3. REPORT TITLE . 
A PRELIMINARY DESIGN STUDY FOR A GROUND EFFECT MACHINE 


4 OESCRIPTIVE NOTES (Type of report and inclusive dates) 


§ AUTHOR(S) (Last name, firat name, initial) 
Martin Peck Merrick 
Lieutenant, U. S. Navy 
















6. REPORT DATE Ja. TOTAL NO. OF PAGES 


March 1968 


Ba CONTRACT OR GRANT NO. 


76. NO. OF REFS 
LG 


b. PROJECT NO. 


Cc. 95. OTHER ae RT NO(S) (Any other numbere that may be aeeigned 
thie report 








12. SPONSORING MILITARY ACTIVITY 
Naval Postgraduate School 
Monterey, California 93940 





. SUPPLEMENTARY NOTES 


13, ABSTRACT 


This paper provides the results of a preliminary design study of 
a ground effect machine to be built at the Naval Postgraduate School, 
Monterey, California. The design is based on an engine currently 
available at the School and covers such factors as lift versus weight, 
thrust versus drag, balance, stability, control, and instrumentation, 
The final desipn chosen was a peripheral jet type pround effect machine 
with a cushion area of 25,7 square feet, driven by a 4 foot diameter 
shrouded propeller. Total enprine power of 203 horsepower is sufficient 
to provide 1017 pounds of lift at a hover height of 5.95 inches and 
446 pounds of thrust at 30 knots. 


DD 69.1473 | - 


Security Classification 


Security Classification 


LItInKk A LINK 8 LINK C 
KEY memos 


Caoce] wv [wove] «7 [voce] @ 


| 
Ground Cushion 
Air Curtain Vehicle 
Peripheral Jet 


DD wove L473 (BACK) 
(ee ee eke 70 


Security Classification A-41am 























thesM535 








| WI i HI} | Wy | 
WTC TT) 
| q || | | aT | || 


3 2768 001 88617 9 
DUDLEY KNOX LIBRARY 





A preliminary design study for a ground © 





.< a 





